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ABSTRACT 
Knowledge about the mitochondrial apoptotic pathway is very important for chemotherapeutic drug development. The enzyme NADH 
dehydrogenase can be an important target for natural drugs in this respect. Active compounds of ginger (Zingiber officinale Roscoe) 
namely gingerol, paradol, shogaol and zingerone were selected as ginger is known to have anti-cancer properties. A three-dimensional 
model of the human NADH dehydrogenase was developed in silico and docked with gingerol, paradol, shogaol and zingerone. All of 
them were successfully docked. Among them, two compounds, namely 6-gingerol and 10-gingerol, formed covalent bonds with the 
enzyme showing that they are the most potent for drug development among the active components of ginger. The successful docking of 
these natural compounds with the enzyme showed that these compounds are potential inducers of the apoptotic pathway and thus 
important in chemotherapeutic drug development. 
_____________________________________________________________________________________________________________ 
 
Keywords: chemotherapeutic drug, vanilloid, protein modeling, ligand, docking 
 
 
INTRODUCTION 
 
With the advent of new technologies, the molecular biology 
of cancer development as well as apoptotic pathways are 
becoming clear to us. Mitochondria play an important role 
in the internal ‘intrinsic’ apoptotic pathway (Dixon et al. 
2007). Naturally, there has been a growing interest in tar-
geting the proteins involved in mitochondrial apoptotic 
pathway to develop new anticancer drugs. Several plant-
based drugs like capsaicin and resiniferatoxin (commonly 
called as vanilloids) have been shown to induce the direct 
apoptotic pathway in mitochondria by inhibiting the run of 
the electrons through the electron transport chain (Ziglioli 
et al. 2009). They inhibit the flow of electrons to coenzyme 
Q from NADH oxidoreductase (Complex I) which leads to 
determining an excess of reactive oxygen species (ROS). 
These ROS are responsible for DNA damage which ulti-
mately leads to apoptosis. Thus, these plant products can be 
considered as coenzyme antagonists (Ziglioli et al. 2009). 

Ginger (Zingiber officinale Roscoe), one of the most 
widely used species of the family Zingiberaceae is a com-
mon condiment for various foods and beverages due to its 
pungency and also has a long history of medicinal use 
dating back 2500 years (Shukla and Singh 2007). The pun-
gency of ginger primarily comes from a number of vanilloid 
compounds viz. gingerol, shogaol, paradol etc. The fresh 
rhizome of ginger contains [6], [8] and [10]-gingerol 
(McGee 2004). Upon drying, the [6]-gingerol is converted 
to [6]-shogaol, which is more pungent (McGee 2004). 
Medicinal uses of ginger appear in early Sanskrit and Chi-
nese medical literature as well as Roman, ancient Greek and 
Arabic medical texts (Mills and Bone 2000). Recently, gin-
ger has been shown to possess anticancer properties (Hanim 
et al. 2008). The anticancer properties of ginger are attrib-
uted to the presence of these pungent vallinoids, viz. [6]-
gingerol and [6]-paradol, as well as some other constituents 
like shogaols, zingerone etc. (Shukla and Singh 2007). 

The underlying mechanism by which ginger act as an 
anticancer agent, is not clearly known to date. As gingerol, 
paradol, shogaol and zingerone possesses much structural 

similarity to capsaicin, they may also act by inhibiting 
NADH oxidoreductase (NADH dehydrogenase), thus inhib-
iting the electron flow. If the vanilloids from ginger bind as 
ligands with the enzyme, then it can be said that they can 
inhibit its function. The in silico protein-ligand interaction 
plays a considerable role in structure based drug designing 
(Daisy et al. 2009). Structure based drug designing has 
made tremendous contributions in the field of drug dis-
covery. In silico molecular docking is one of the most power-
ful and useful techniques to discover novel ligands for 
receptors of known structure and thus play a major role in 
structure-based drug designing (Brooijmans et al. 2003). 
Establishement of ayurvedic remediation for Ebola hemor-
rhagic fever (Bagchi et al. 2009) by homology modeling 
with in silico docking and medication for Alzheimer’s dis-
ease (Gore et al. 2010) were previously reported. Thus, in 
silico prediction of drugs can be a starting point for success-
ful drug designing for several diseases including cancer. In 
this paper, an in silico molecular docking was done to 
investigate whether the active compounds from ginger 
could bind to NADH oxidoreductase enzyme as ligands. 

 
MATERIALS AND METHODS 
 
Protein selection and modeling 
 
The Human NADH dehydrogenase [ubiquinone] flavoprotein 2 
(accession no. NP_066552.2) was obtained from NCBI Refseq 
(Pruitt et al. 2007) database (http://www.ncbi.nlm.nih.gov/ 
projects/RefSeq/). This 24 kDa subunit of complex I (The NADH-
ubiquinone oxidoreductase complex) is involved in electron trans-
fer, as described in the Refseq deatabase. This protein served as 
the starting material of this study. For prediction of three dimen-
sional structure of this protein, homology modeling was done 
using Swiss-model (Arnold et al. 2006) server (http:// 
swissmodel.expasy.org/) and EsyPred3D (Lambert et al. 2002) 
server (http://www.fundp.ac.be/sciences/biologie/urbm/bioinfo/ 
esypred/). For the 3D modeling, appropriate templates were 
searched by Swiss model and submitted for modeling both in 
Swiss-model and EsyPred3D. In Swiss-model, protein was 
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modeled in alignment mode; the alignment was done with Swiss 
PDB viewer. In EsyPred3D, the model was generated using 
default parameters. After modeling, the models were analyzed by 
RAMPAGE Ramachandran plot (Lovell et al. 2003) server 
(http://mordred.bioc.cam.ac.uk/~rapper/rampage.php). 

 
Ligand preparation and docking 
 
Chemical structures of [6]-gingerol, [8]-gingerol, [10]-gingerol, 
[6]-shogaol, [6]-paradol and zingerone were downloaded from 
KEGG (Kanehisa and Goto 2000) chemical database (http:// 
www.genome.jp/kegg/) and 3D rendering were done by ACD/ 
ChemSketch (Freeware), release 12. The 3D rendered structures 
were saved as *.mol file and converted to *.pdb file using 
ArgusLab 4.0.1 (Thompson 2004) downloaded from http:// 
www.arguslab.com. These structures were used as ligands for 
docking with the 3D modeled NADH dehydrogenase. Docking 
was done using PatchDock (Duhovny et al. 2002; Schneidman-
Duhovny et al. 2005) server (http://bioinfo3d.cs.tau.ac.il/ 
PatchDock/). For docking, 1.5Å clustering RMSD was chosen and 
Protein-small ligand was chosen as complex type.  3D structures 
of the protein-ligand complex were visualized with Rasmol (Sayle 
and Milner-White 1995). 
 
RESULTS 
 
Modeling of NADH dehydrogenase 
 
The Swiss model selected the known structures of proteins 
3IAMB (hydrophilic domain of respiratory complex I from 
Thermus thermophilus), 2AUVA (A thioredoxin-like fer-
redoxin involved in the NADP-reducing hydrogenase com-
plex from Desulfovibrio fructosovorans) and 1F37B (thio-
redoxin-like ferredoxin from Aquifex aeolicus) as template. 
Alignment of these three and the protein of interest were 
aligned and modeled with Swiss model. In EsyPred3D, 
3IAMB was given as the template as it showed maximum 
similarity with the concerned protein sequence. RAMPAGE 
Ramachandran plot server gave the following results of the 
three dimensional structure of these two modeled proteins. 
 
The Swiss-model generated model 
 
Number of residues in favoured region (~98.0% expected): 
127 (84.1%). Number of residues in allowed region (~2.0% 
expected): 14 (9.3%). Number of residues in outlier region: 
10 (6.6%). 

 
The EsyPred3D generated model 
 
Number of residues in favoured region (~98.0% expected): 
141 (90.4%); Number of residues in allowed region (~2.0% 
expected): 9 (5.8%); Number of residues in outlier region: 6 
(3.8%). 

Based on these results, the second model was chosen 
for further analysis as it showed more residues in favoured 
region. The Ramachandran plot of the second model is 
given in Fig. 1 and the 3D model is given in Fig. 2. The 
structure showed 5 beta sheets and 6 alpha helices. 

 
Docking 
 
The model obtained with EsyPred3D was subjected to 
docking. The active compounds from ginger were selected 
as ligands. All of these ligands (Fig. 3) have three regions: a 
vanillyl moiety, a region linking ester and an aliphatic 
region. These ligands and the protein were submitted to 
patchdock server. The results with highest docking score 
were selected and given in Table 1. Proteins docked with 
different ligands are shown in Fig. 4. The highest docking 
score was obtained with 10-gingerol (4854) and the lowest 
score was obtained with zingerone (3482). [10]-gingerol 
also acquired highest interface area of the complex (661.90). 
It showed an ACE (the desolvation free energies required to 
transfer atoms from water to a protein’s interior) of -196.23, 

the lowest among all. The lowest interface area was shown 
by zingerone (415.60). Among all the compounds, only [6] 
and [10]-gingerol showed covalent bonding with the NADH 
dehydrogenase enzyme (Fig. 5). [6]-gingerol was bound 
with lysine 167 of the chain (part of a loop between two 
beta sheets) with the terminal region of its aliphatic chain. 
The terminal three carbon atoms and the associated hydro-
gen atoms of the aliphatic chain of [6]-gingerol was bound 
with the nitrogen and two carbon atoms of the side chain of 
lysine. [10]-gingerol was bound with Asparagine 90, As-
paragine 191 and tyrosine 192. Asparagine 90 was the part 

Fig. 1 Three dimensional structure of the enzyme Human NADH 
dehydrogenase modeled by EsyPred3D and visualized in Rasmol. The 
alpha helices are shown in red, beta sheets are shown in yellow, blue 
regions are loops and grey regions are unfolded. 

Fig. 2 Ramachandran plot of the model of NADH dehydrogenase 
obtained by Rampage. 

Table 1 Results of docking as given by the Patchdock server. 
Name of the ligand Score1 Area2 ACE3 

[6[-gingerol 4800 520.40 -59.29 
[8]-gingerol 4728 555.70 -123.74 
[10]-gingerol 4854 661.90 -196.23 
[6]-paradol 4602 548.50 -115.86 
[6]-shogaol 4602 567.00 -133.28 
Zingerone 3482 415.60 -93.30 

1Geometric shape complementarity score (Duhovny et al. 2002) 
2Approximate interface area of the complex 
3Atomic contact energy (according to Zhang et al. 1997) 
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of one alpha helix and the other two amino acids were the 
part of a loop. The aromatic ring of the vanillyl moiety was 
involved in bonding with Asparagine 90 and Tyrosine 192. 
Asparagine 191 was bonded with the aliphatic chain of the 
ligand. 

 

DISCUSSION 
 

Natural products are considered as a rich source of com-
pounds that embrace many applications in the fields of 
pharmacy (Gordaliza 2007; Coseri 2009). Eukaryotic cells 
are complex and offer compartmentalised macromolecular 
targets for interaction with natural products (Dixon et al. 
2007). The interaction of natural products with certain spe-
cific eukaryotic cellular targets has been widely studied 
which are important in the context of pharmaceutical deve-
lopment (Dixon et al. 2007; Dairaku et al. 2010; Xia et al. 
2011). Mitochondria play an important role in the intrinsic 
apoptotic pathway (Papa and Skulachev 1997; Joza et al. 
2001; Wang and Youle 2009). Relationship between dys-
functional apoptosis and oncogenesis has made mitochon-
dria as a target of intense research (Schroeter et al 2003; 
Dhanasekaran and Reddy 2008; Kang et al. 2009; Leav et 
al. 2010; Kang et al. 2011). The protein-ligand interaction 
plays a significant role in structure-based drug designing 
(Andricopulo et al. 2009; Daisy et al. 2009; Waszkowycz et 
al. 2011). In the present work, the enzyme NADH dehydro-
genase was taken to examine that whether it can act as a tar-
get for the active components of ginger. The active compo-
nents of ginger includes [6], [8] and [10]-gingerol, [6]-sho-
gaol, [6]-paradol and zingerone. They were also chosen to 
explore the difference in binding mechanism of these to the 
NADH dehydrogenase enzyme. The human NADH dehy-
drogenase [ubiquinone] flavoprotein 2 (accession no. 
NP_066552.2) was selected as it was obtained from NCBI 
Refseq database. This database contains only annotated and 
curated collection of nucleotide sequences (Pruitt et al. 
2007). As no three dimensional model for NADH dehydro-
genase was found, 3D modeling was employed by homol-
ogy modeling with known structures. For modeling, both 

 
Fig. 3 Chemical structures of the ligands used in this study. All of them 
have three functional regions: one vanillyl moiety, a region linking ester 
and an aliphatic region. In zingerone, the aliphatic region is represented 
only by a methyl group. 

A B

C D 

E F
Fig. 4 Protein-ligand complexes docked by PatchDock. the protein is 
represented in space-fill model in blue. The ligands are represented in 
sticks. The ligands are the following: (A) [6]-gingerol; (B) [8]-gingerol; 
(C) [10]-gingerol; (D) [6]-shogaol; (E) [6]-paradol and (F) zingerone. 
Green portions in (A) and (C) indicate amino acids bound with the 
ligands. 

A

B

Fig. 5 Ligand binding pocket of the enzyme bound with ligands. (A) 
with [6]-paradol, Lysine 167 is represented in green; (B) with [10]-gin-
gerol, Asparagine 90, Asparagine 191 and Tyrosine 192 are represented in 
cyan, green and violet, respectively. In both cases, ligands are represented 
in ball and stick model. 
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Swiss model as well as EsyPred3D servers was selected as 
they are widely used (Iyer et al. 2007; Gu et al. 2009; 
Sharma and Nigam 2010; Sharma et al. 2011). However, 
the model generated by EsyPred3D was chosen for further 
analysis as it showed more residues in favoured region than 
Swiss model generated structure, as shown by the Rama-
chandran plot. The docking was performed with PatchDock 
(Schneidman-Duhovny et al. 2005) as no previous informa-
tion about the docking pocket is required in this algorithm. 
It employs a technique in which the surfaces are divided 
into patches according to the surface shape and these pat-
ches correspond to patterns that visually differentiate bet-
ween puzzle pieces (Schneidman-Duhovny et al. 2003). 
Once the patches are recognized, they can be superimposed 
using shape matching algorithms which notify that a hybrid 
of the Geometric Hashing and Pose-Clustering matching 
techniques are applied to match the patches detected. Con-
cave patches are matched with convex and flat patches with 
any type of patches. All complexes with unacceptable 
penetrations of the atoms of the receptor to the atoms of the 
ligand are discarded. Finally, the residual candidates are 
ranked according to a geometric shape complementarity 
score (Maheswari 2011). Patchdock successfully predicted 
protein interactions for many examples (Gidalevitz et al. 
2004; Inbar et al. 2005; Benyamini et al. 2006; Maheswari 
2011; Sharma et al. 2011). Molecular docking showed that 
the different ligands docked with different region of the 
protein (Fig. 4) indicating that minor differences in ligand 
structure leads to totally different protein-ligand interaction. 
Docking also showed that only [6]-gingerol and [10]-gin-
gerol got covalently attached with the enzyme. It indicates 
that these two compounds are the most potent components 
of ginger as ligands. [8]-gingerol, although similar in struc-
ture with [6] and [10]-gingerol, did not formed any bond 
with the amino acids of the enzyme. Even [6]-gingerol and 
[10]-gingerol bonded with different amino acids of the en-
zyme. While [6]-gingerol made bond with only one amino 
acid (lysine 167), [10]-gingerol bonded with three different 
amino acids (asparagine 90, asparagine 191 and tyrosine 
192). [10]-gingerol had the longest aliphatic chain and, thus 
could access three amino acids for bonding and thus, 
showed the highest docking score (4854). The second high-
est docking score was shown by [6]-gingerol (4800). How-
ever, area covered by different ligands increased with the 
increasing size of the ligand. For example, [6], [8] and [10]-
gingerol showed increasing size of the aliphatic chain. The 
area covered by them with the enzyme was also in the 
increasing order (520.40, 555.70 and 661.90 respectively) 
as shown in Table 1. Difference in docking scores with 
similar ligands was reported previously (Ashokan 2010). 
However, the docking score did not corroborate with the 
size. [8]-gingerol showed the much lower docking score 
(4728) than [6] and [10]-gingerol. This shows that covalent 
bonding with the protein by a ligand increase its docking 
score. Among others, zingerone showed lowest docking 
score (3482) and thus, not much suitable as a ligand for 
NADH dehydrogenase. Structure of [6]-shogaol and [6]-
paradol varied by only a double bond in the middle region 
of the aliphatic chain (Fig. 3) and both showed the same 
docking score (4602) indicating that this variation has a 
little effect on docking. They also had similar interface area 
of the complex (567 for [6]-shogaol and 548.50 for [6]-
paradol). The atomic contact energy (ACE) of the protein-
ligand complex varied considerably with [10] and [6]-gin-
gerol (-196.23 kcal/mol and -59.29 kcal/mol, respectively), 
although both had good docking scores. This may be due to 
the fact that [6]-gingerol occupied mostly the surface of the 
protein whereas [10]-gingerol was more embedded into it 
(Fig. 4). This made [10]-gingerol to interact with more 
amino acid side chains than [6]-gingerol which caused the 
difference in ACE. Thus, [10]-gingerol shows more affinity 
to the protein than [6]-gingerol. 

The present study originated from two angles. First, 
ginger is known to have anti cancer properties and secondly, 
the active compounds have structural similarity with capsai-

cin, another vanilloid which has been shown to inhibit the 
flow of electrons to coenzyme Q from Complex I, which 
possess the enzyme NADH dehydrogenase (Ziglioli et al. 
2009). The active components of ginger studied in this 
paper are also vanilloids and previously shown to bind with 
vanilloid receptors (Dedov et al. 2002), much like capsaicin 
does. These facts raised the question whether these com-
pounds could bind to NADH dehydrogenase. The present 
study showed that at least two of them ([6]-gingerol and 
[10]-gingerol) can bind with NADH dehydrogenase. This 
showed the successful application of molecular docking in 
finding new targets for known compounds. 

Although many known and newly discovered natural 
products are generally screened routinely for use as chemo-
therapeutic agents, in several instances, the molecular tar-
gets of these products are not clearly known (Rochfort 
2005; Böttcher et al. 2010). The in-silico approach can be a 
starting point for indicating the proper molecular target of 
natural products. This approach helps scientists by giving 
them a preliminary idea so that they can advance towards 
the drug development (Waszkowycz et al. 2011). In-silico 
ligand docking is thus an important subject of research 
since it saves time, enables effective utilization of funds and 
gives well predicted results for effective utilization. Since 
the above study is an in-silico work, the compounds (espe-
cially [6]-gingerol and [10]-gingerol) have to go to clinical 
trials to establish their efficacy. If these compounds will 
succeed in clinical trials, some efficient anticancer drugs 
can be found. 
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